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PREFACE

As its name inplies, the Southern Silviculture Research Conference is a
place for research scientists to describe and discuss their work in silvi-

culture.  Forest practitioners, however, are always anxious to learn the
results of silviculture research. My field foresters attended the Confer-
ence, and many nmore will see these Proceedings. | hope the form and content of
this publication wll facilitate such wuse. The 1982 Conference included nany
aspects of silviculture research in the South, fromsite preparation to har-
vesting and from pest management to wldlife mnagenent. O 112 proposals
submtted as abstracts for consideration by the Program Conmittee, 86 were
selected for presentation at the Conference. The criteria for selection in-
cluded tineliness, appropriateness of subject mtter, and inportance of the
message.

~The Conference was organized and conducted by a nunmber of people repre-
senting university, industry, and Forest Service research organizations.
Conference cochairnen for the 198 conference were John W Henl ey and
GCordon D. Lews, of the Southern and Southeastern Stations, USDA Forest
Service.  Qthers who served on the Program Planning Committee were:

Roger P. Belanger, Southeastern Forest Experiment Station,
Athens, Georgia

Charles E. mGee, Southern Forest Experiment Station,
Suwannee,  Tennessee

Janes B. Baker, Southern Forest Experiment Station,
Monticello,  Arkansas

Mchael S Golden, Auburn University,
Auburn, Al abama

Andrew W Ezell, Texas A&M University,
Col lege Station, Texas

0. Mchael Beach, Chanmpion International,
Huntsville,  Texas

Harold J. HIl, Hammerm|l| Paper Conpany,
Selma, Al abam

Special thanks are due to the contributors who prepared and presented the
research papers, and to the 18 moderators who presided over the topic sessions
and maintained a very strict time schedule. Thanks also go to others who sub-
mtted abstracts for consideration by the Program Commttee, and to those who
attended the Conference and participated in the discussions of the presented
papers.

Papers are published in this Proceedings as th_eg were submtted by the
authors--in canera-ready form Authors are responsible for the content of

their papers. Printing and production were supervised by the Southeastern
Forest Experiment Station, USDA Forest Service, Asheville, North Carolina.

EARLE P. JONES, JR
Program Chairman
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M. Boyd Edwards—

A SPECTRUM OF SITE PREPARATION ALTERNATI VES
IN THE LO/ER PIEDMONT OF GEORGIAY

2/

Abstract .--At the Htchiti Experinmental Forest inpacts
of various site preparation treatments are being observed. A
mature, natural stand of loblolly pine and some hardwoods
were harvested before the treatments. The treatments include
1) control, 2) chainsaw and plant, 3) shear with KGblade and
drum chop, L) KG drum chop, and apply herbicide, 5) KG
wirdrow, burn windrows and disk, and 6) KG windrow, burn
wirdrows, disk, fertilize, and apply herbicide. This paper
reviews research activities from preharvest to |-year post-
harvest,

INTRGDUCTION METHODS

The selection of"
for replanting after 3
L.) stands are harvess

site preparat ion treatnents

ablolly pine (Pinus taeda
ed on Piednontsites must

be based on thorough knowledge of both silvi-

culture and applied ec
subclimax vegetation 4
likely to be needed cm
nmore tolerant species:

planted after harvest:s.

described here is to e

dogy. Loblolly pine is a
we, and sone treatment is
many soil types to prevent
from dom natingstands
The purpose of the study
valuate the effects of

various intensities of site preparation on the
survival and growth cf loblolly pine in the |ower

Pi ednont
was carefully sanpledl
tinber was harvested.
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on the Hitchiti
north of Macon. It i.g
supported a mixture cf
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» Conf erence,
1982.

logist, Southeastern Forest
neon, CEOrgia.

A preharvest inventory was conducted in the
fall of 1979. First the entire area was divided
into 194 O &cre plots by neans of a 2-chain x
2-chain grid system Twenty of these plots were
randomy selected as a sanmple of the mature stand.
Thus, slightl?/ more than 10 percent of the study
area was sanpled. A QlGacre circular plot was
established at the center of each of the square
plots. Each overstory tree was tallied by species,
d.b.h., and height, and was marked with a numbered
alumnum tag at groundline. The tag allowed for
additional data, such as tree age, to be taken for
selected pines after harvesting. The understory
was evaluated by a general classification system
based on an estinaste Of the percentage of cover in
grass, vines, and shrubs on %-milscre plots
distributed on the 0.k-acre plots.

Bi omass data were taken by harvesting all
vegetation on the %-milacre plots and separating
it into é;rasses, vines, and shrubs. This material
was ovendried in the laboratory at 80° Cand
wei ghed to the nearest 0.1 gram

In Spring 1980, the entire area was clearcut.
Late in the summer after harvest, flora on each of
the original study plots was surveyed. A |o-foot-
wide transect was made diagonally across each
0.4-gerepl ot, and the first-grow ng-season
invaders were collected. These specinens were
identified and deposited in the herbarium at the
Htchiti Experinental Forest.




Site Preparation Treatnents

The site was prepared for planting in fall
1981. The experinental design is five replications
of six treatments in random zed blocks. Treatnent
plots each cover about 2 acres. The treatnents,
in order of increasing intensity, are:

1. Cut only, no site preparation.--These plots
were planted in the same manner as the other
treatment plots and will serve as controls for
the study.

2. Chainsaw and plant.--All trees |-inch d.b.h.
or larger, were cut with a chainsaw after the
timber harvest. This treatment required about 8
man- days for 10 acres.

3. Shear and chop.--All standing hardwood trees
were sheared with a KGblade, and the area was
single chopped with a drum chopper.

4, Shear, chop, and apply herbicide.--In addition
to the shearing and chopping of treatnent 3, % cc
Velpar® Gridball™ pellets with 10 percent active

ingredient were applied at a rate of 25 1bs/acre

in March 1982,

5. Shear, wir and di sk. - - Resi dual s
were sheared with KGblade, then the debris was
pushed into windrows. The windrows were allowed
to dry for 3 weeks and. then burned. The remaining
debris and ash were scattered over the plot with
a dozer blade, then the plots were disked with an
of fset harrow

6. Shear, windrow, burn, disk, fertilize, and
apply herbicide. --The plots were sheared, wind-
rowed, burned, and disked as in treatment 5.
Fertilizer and herbicide will be applied during
the second growi ng season.

The study area was planted in January 1982
at a spacing of 6feet x 10 feet. ~The seedlings
were inproved loblolly pine seedlings obtained
from the Georgia Forestry Commission nursery.

Dianeter and height growth will be neasured
annual ly on the treatnent plots. Trees from 50
randomy selected points within each treatnent
plot will be observed.

PRELI M NARY RESULTS

The preharvest inventory data were sunmarized
by calculating three quantitative parameters--
relative density, relative dominance, and relative
frequency for all trees 4.5 inches d.b.h. Or
larger, where

relative density =

nunber of individuals of species X 100
total nunber of individuals

relative dom nance =

dom nance of species

dominance Of all species x 100

and, relative frequency =

frequency of a species
sum frequency of all species

x 100

These three values were summed to estimate the
i nportance val ue.

The analysis of these data (Table 1) indicates
that loblolly pine was the domi nant overstory
species in the stand and that. sweetgum (Liquidambar
styraciflua 1.) and dogwood (Cornus florida L.

Were the major codominants.

A total of 14 species of trees was found in
the preharvest stand (Table 2). Anong stems 1-
inch d.p.h. and larger, d.b.h. averaged 7.50 inches
and ranged up to 23 inches; height averaged 455
feet and ranged up to 136 feet (Table 2). Anong
61 sample loblolly pines from the overstory, the
mean age was 45years and the range was from 30
to 63 years.

Gound layer vegetation before harvest was
according to the nmethod of Qosting (1956) to
determine the percentage of cover for major types
of analyzed vegetation. This analysis indicated
that 26.70 percent of the total ground |ayer was
various species of grasses, 10.35 percent was
vines, and 1480 percent was shrubs.

In terms of dry biomass in the ground |ayer
there were 2.79 tons/acre in grass, 2.08 tons/
acre in vines, and 4.79 tons/acre in shrubs. The
total for the three categories was 9.66 tons/acre,
which is a sizeable resource.

The postharvest floristic survey revealed
specinens from 23 famlies, 62 genera, and 89
species. It included 4 fanilies 20 genera, and
33 species ofnonocots--nostly grasses. The nost
frequent grass species were Panicum (8 species),
Aristida(2species), Digitaria (2 species),
Erianthus (2 species), and Paspalum (2 species).
There were 19 fanilies, 42 genera, and 56 species
of dicots. The largest famlies were Asteraceae
and Fabaceae. Nomenclature in the list of species
follows that of Radford, Ahles, and Bell (1968),
when possi bl e.

The frequency of each species is the
percentage of the 20 sanple plots on which the
species occurred. Each species has been placed
in a frequency class as follows: 020 percent--
occasi onal ; 21-40 percent--frequent; 41-60
percent--conmon; 61-80 percent--abundant; 81-100
ercent--very abundant. A checklist is available
rom the author.




Table 1.--Inportance/ values (I.v.) for all stems 4.5 inches d.b.h.

or larger in preharvest stand

Speci es Rel ative Rel ative Rel ative | nportance I.V.
density domi nance frequency val ue rank
Prunus serotina 0.26 0.06 3.23 3.55 8
Nyssa _sylvatica 0.60 0.19 3.23 4.02 6
Cornus florida 9.28 0.61 20. 43 30. 32 3
Unus alata 1.89 0.23 9. 68 11.80 5
Quercus sp. 7.39 2.149 13.98 23. 86 4
Di ospyrosvirginisnal 0.60 0.03 3.23 3. 86 7
Pinust aeda 51.29 90. 03 21.51 162. 83 1
Juni per usvirginiana 0.17 0.12 1.08 1.37 10
Li qui danbarstyracifilua. 28.35 5.65 21.51 55.51 2
Liriodendron tulipifera 0.17 0.30 2.15 2.62 9
Table 2.--Nunbers and sizes of individual trees |-inch d.b.h, or greater in preharvest stand
Speci es Nunber Mean M ni mum Maxi mum
i ndi vidual s d.b.h. ht. d.b.h. ht. d.b.h. ht.
. R La, £ Ln. £
Prunus serotina 3 3.50 16. 34 3.00 15. 00 5.00 19. 00
Nyssa sylvatica 5 4,20 30. 18 3.00 22.00 8.00 49. 00
Lornus florids 22 3. 22.83 2.00 10. 00 6. 00 35.00
Unus alata 15 3.23  23.59 1.00 4.00 6.00 43.00
Crataegus sp. 4 2.50 14.76 1.00 6.00 4,00 27.00
Saryp 6 2.75 24.41 2.00 21.00 4.00 35. 00
I'lex opaca 1 3.50  14.99 3.50 15.00 3.50 15.00
Acer sp. 9 2.28 21.56 1.00 11.00 4,00 36. 00
Quercus_sp. 22 9.47 41.54 2.00 4.00 23.00 71.00
Di ospyr osvirginianal 1 3.00 21.00 3.00 21.00 3.00 21.00
Pinus t aeda 280 9.47 54.13 2.00 15.00 23.00 136. 00
Juni perus virginiana 3 5.17 31.00 2.00 20. 00 7.00 43.00
Li gui danbarstyracifilua 79 4.78 35.73 1.00 10. 00 15. 00 87.00
Liriodendron tulipiflera 4 5.00 42.49 2.00 36.00 7.00 53.00
ALL 454 7.50 45, 47 1.00 4.00 23.00 136. 00




According to Raunkier's 'law of frequency"
(Qosting 1956), the percentage of species expected
in tﬁ? classes should be approximtely O>F>C =
A<V .= This high percentage of species in the 0~
20 percent class and their absence in the 81-100
percent class suggests that the mjority of first-
grow ng-season invaders are either low in density
or not evenly dispersed. The distribution is also
indicative of a diverse flora and the existence of
conplex mcro- and macro-environnents.

Soi |

An evaluation was made of the effects of the
various intensities of site preparation on the
chem cal ana physical properties of the soil, with
the help of Dr. JimMIller of the Southern Forest
Experiment Station.

Conposite sanples were collected with a
Lord-tube sanpler at each of two depths (06 inches
and 6-18inches) at 25-foot intervals along the
diagonal transect on each plot. A core sample was
also extracted at a depth of 2% inches with an
i mpact sanpler at every 5th sanple point on each
transect. Approximately 3 mles of transect were
established through the study area for sanpling
the soil. Sanples were taken in 1981 prior to
site preparation treatments, and again in the
spring of 1982 after treatnments.

The soils on the study site are eroded; the
A-horizon is partially or wholly missing due to
cultivation that ceased approximately 60 years ago.
An area adjacent to the study plots is eroded to
the Chorizon with gullies over 10 feet deep. The
soils on the study site are classified as Ultisols
and may be defined nore precisely as follows:

Seri es Fam |y Subgr oup
a. Cecil Clayey, Typic Hapludults
kaolinitic,
thermec
1. sandy loam
2. Sandy clay |oam
b. Davidson Clayey, Rhodi ¢ Pal eudul ts
kaolinitic,
thermec
c. Vance Clayey, Typi ¢ Hapludults
m xed,
thernic
L4/ Class 0 will nornally be very high

because of the numerous sporadic species to be
found with low frequency in nost stands. Class

V, and to a lesser extent A nust always be
relatively high because of the species that

dom nate the comunity. If quadrants are enlarged,
classes 0 and V will enlarge and the |esser

classes will decrease accordingly. Frequency,
classes, therefore, are conparable only when based
upon sanples of the same size.

-4~

Series appear to change with the aspects of
three ridges that are oriented in a southeast
direction off a main ridge to the northwest.
Intermttent streams with broad, flat sides
separate the ridges, and a perennial stream bounds
the site to the south and east.

Conposite sanmples will be air-dried and
ground to pass a 2 mm sieve. Duplicate 5 g sub-
samples will be extracted in 1 N NH)OAC with 10-
mnute shaking time to determine extractable
cal cium magnesium and potassium  Manganese will
be extracted with 1 N NH,0AC and intermttent
shaking for 6 hours. After filtration, cations
will be quantified by standard atom c absorption
t echni ques.

Total nitrogen and phosphorus will be
determined in duplicate 1-9 subsampl es after wet
digestion with sulfuric acid at 310°C. Ntrogen
will be quantified with an smmonia-specific ion
el ectrode and phosphorus by the nolybdenum bl ue
et hod.

Core sanples will be placed in pressure
extractors at 1/3 and 15 atnmospheres tension and
then ovendried to determne available noisture and
bul k density.

The soil sanples have been collected and
shipped to the Auburn l|aboratory for analysis.
Results of these data will be presented at a later
date.

SUMVARY
The original gtand condition, including
understory vegetation and soils, has been

The nerchantable trees have been
clearcut, six levels of site preparation have been
installed, and all plots have been planted with
genetically inproved loblolly pines at a 6-x

| o-foot spacing. Performance of the planted trees
and the occurrence of growh of conpeting
vegetation will be nonitored through the pine
rotation. Ecological data related to succession,
conpetition, and edaphic state will be utilized
in determning stand response to the specific
treatments.

docunent ed.
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ASAFFECTEDBYSITEPREPARATIONONTHE

SOUTHCAROLINAAND GEORGIApTEDMONTE

D. 0. Lantagne and J. A. Burgexll

Abstract .--Studies were installed on 12 gtudy sites, on
the South Carolina and Georgia Piedmont, to determine the
effects of several site preparation methods on loblolly pine
survival and growth. Among the seven treatments, the shear~
pile-disk, shear-disk, shear-V-blade-disc, and chop-burn
treatments significantly improved loblolly pine survival and
growth by 26 and 50 percent respectively compared to that of
the chemical and control treatments. The beneficial effect
on survival end growth by tillage treatments was equalled by
the chop-burn treatment. Subsoiling improved survival and
growth 32 and 30 percent, respectively, over that of the
control while discing improved survival and growth 22 and 30
percent, respectively. Results show that good survival and
early growth is dependent upon intensive site preparation on

FIRST-YEAR SURVIVAL AND GROWTH OF LOBLOLLY PINE (PINUS TAEDA L.)

the Piedmont.

These first-year results and
tentative pending future measurements and evaluations.

inferences are

INTRODUCTION

Regeneration of intensively managed southern
pine forests is accomplished primarily through
clear felling, site preparation and planting
(McClurkin and Moehring, 1978); however in achieving
this goal, considerable variation in approach
exists. Timber merchantability standards affect
the amount of material remaining after harvest,
which in turn affects|the choice of site preparation
technique, job quality and cost. Site preparation
can be accomplished with chemical, fire or
mechanical methods and is commonly defined as a set
of procedures which provides conditions favorable
to seedling survival amd growth (Post, 1974). The
techniques most commonly employed are shearing,
piling, discing, bedding, chopping, herbiciding,
burning and subsoiling. Several authors (Brown,
1971; Burns and Reynolds, 1972; Packer, 1972;

1/ Research funded and established in
cooperation with the Western Carolina Region of
Champion International Corporation. Paper pre-
sented at the Second Biennial Southern Silvicultural
Research Conference, Atlanta, Georgia, November:
4~5, 1982,

2/ Graduate Assistant and Assistant Professor
of Forest Soils respectively, at Virginia Polytech-
nic Institute and State University, Blacksburg,
Virginia.

White et al., 1976; Schultz, 1976) have listed
reasons for mechanical site preparation; some of
which are applicable to chemical and fire site
preparation as well. The reasons include

1) optimizing the soil moisture regime; 2) organic
matter incorporation to increase mineralization
and nutrient release to promote early growth;

3) reduce vegetation competing for soil moisture
and nutrients; 4) clearing the land making planting
easier; 5) increase wood production due to both
increased survival and seedling growth; 6) shorten
the length of the rotation to optimize the financial
return; and 7) allow use of genetically improved
planting stock.

Although most of the aforementioned site
preparation techniques are used in the Piedmont,
there presently exists little documentation of
their effect on survival and growth. studies on
the effect of various site preparation techniques
on loblolly pine survival and growth have been
carried out by forest, industries on the Piedmont
but the results have not been widely disseminated.
Haines (1978) studied the effect of several site
preparation techniques on loblolly pine survival
and growth. One of several treatments was aiscing,
and when compared to the control, the results
indicated no significant increases in survival,
height and seedling volumes after two growing
seasons.




The effects of subsoiling on survival and
growth of horticultural and forest tree species
on the Piedmont have been evaluated. Savage et
al. (1968) reported that subsoiling prior to
planting of peach trees affected survival and
growth when measured 3 and 13 years after
establishment. At 3 years, height growth of
seedlings in the uneubsoiled treatments was 50
percent less than seedlings in the subsoiled
treatments. Seedling volumes were also substan-
tially improved. After 13 years, survival and
seedling volume were approximately 25 percent
better in the subsoiled treatments. Berry (1979),
working in the Piedmont of Georgia, found that
subsoiling increased height and root-collar
diameter of five year old loblolly (Pinus taeda)
and shortleaf pines (Pinus enchinata) by 5 and
10 percent, respectively. The resulting increase
in seedling volume of 19 percent was a significant
improvement.  Berry concluded that subsoiling
would be beneficial on many sites of this type.

The objective of this research was to
quantify the effect of several site preparation
prescriptions on first-year survival and growth
of loblolly pine.

PROCEDURES
Study Sites

Three study areas in the central Piedmont,
two in western South Carolina and one in eastern
Georgia, were selected. The South Carolina areas
were located in Fairfield and Newberry counties,
and the Georgia areas in the counties of Wilkes
and Oglethorpe (fig. 1). Four sites supporting
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Figure 1.-~Map of the Southern Piedmont showing
the location of the study sites.

natural, mature loblolly pine-hardwood stands,
were selected within each area and clearcut in the
summer of 1980. The prevalent hardwoods on the

sites were yellow-poplar (Llriodendron tulipifera),
post oak (Quercus stellata), white oak (Quercus
alba), water oak (Quercus nigra), and willow oak
(Quercus phellos) . Eastern red cedar (Juniperus
virginiana) was often an understory component.

The clearcut stands ranged in age from 30 to 50
years, with site indices (base age 50) ranging
from 68 to 90.

In addition to forest cover, sites were
selected on the basis of similarity in soil type.
The soils of the study sites were Appling, Pacolet,
Cecil or Hiwasee which have minor differences in
the depth, color and texture of the subsoil (SCS,
1975). The soils are deep, well drained with medium
fertility and moderate permeability. All are
clayey, kaolinitic, thermic, Typic Hapludults except
Hiwasee which ig a Typic Rhodudult. The uneroded
surface soils are predominantly sandy loam and the
subsoils range from a sandy clay to clay. Bulk
densitv. of the surface soils ranged from 1.17 to
1.24 gms/em® prior to disturbance.

Site Prescriptions

A spectrum of operationally feasible prescrip-
tions, varying In intensity and cost, wer e Included
in the study. The seven treatments ranged from a
control to a f-pass prescription. They Included:

1. Control

2. Herbicide and bum

3. Chopand bum

4. Shear, rake-pile

5. Shear and disc (I-pass)

6. Shear, V-blade and disc (2-pass)
7. Shear, rake-pile, disc (3-pass)

Pigure 2 shows an idealized layout of the
study. Treatments within study sites ranged in gize
from three to five acres. All treatments were
applied in the summer and fall of 1980. Glyphosate
was aerially applied at a rate of 1 gallon RoundupR
per acre. After six weeks the treated areas were
burned.

KC-shear, disc
(1 pass)

wacut stand

R=C shear

no site preparstion V-bisde, disc
(2 pass)

(control) Blow-up of one
block showing
trastment

dowble chop, burm KG-shosr arrangeasnt

rake-pile

KG-ghear
reke-pile
dise (3 peso)

herbicide, burn

Figure 2.--ldealized experimental layout of the site
preparation treatments and’controls.

The shear and disc prescription (5) was applied
with shearing and diseing occurring simultaneously.




Residual vegetation wag sheared in place; however
some piling occurred when vegetation and debris
was exceptionally hea The shear, V-blade and
disc treatment (6) consisted of shearing residual
vegetation in place with the first pass, followed
by a V-blade and disk with the second pass. The
V-blade aligned the sheared material into small
windows between which the soil was disced. The
remaining_ site preparation prescriptions are gelf-
explanatory. All treatment areas were planted

by machine, with 1-0) genetically improved loblolly
pine, with the exception of the control and herbi-
cide plots which were hand planted. Five 0.1
acre subplots were randomly located within each
treatment plot. Each subplot contained approxi-
mately 64 seedlings which provided about 320
measured trees per treatment.

Subsoiling Study

The subsoiled plo
Georgia area, have a 2
of treatments in a s
Each of the four repli
and contains the follo
ments:

s, located only in the
X 2 factoral arrangement
t-plot design (fig, 3).
ates is 0.8 acre in size
ing four 0.2 acre treat-

1. Control
2. Subsoil (single 24 in (60 cm) long
tooth)

3. Disc (tandom harrow with 35 inch (90 cm)
diameter dises)

4, Disc and subsoil
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AN NN RN NN NN RN RN NN RN NN NN R 250 T T T T U T T O I B O
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Figure 3.--Experimentall layout of the subsoiling

study.

Subsoil furrows (split-plot) were made
across the disced and non-disced main plots. The
sites were machine plaated with 1-O genetically
improved loblolly pine| seedlings, within and
between furrows, for total of 18 rows at a
final seedling spacing [of 8 x 8 feet. All plant-
ing was accomplished in late March 1981.

Approximately 100 trees were measured for
each treatment at each site. Survival, tree height,
and root-collar diameter were recorded in early
March 1982. Data within each area was analyzed
separately using analysis of variance procedures
(Sokal and Rohlf, 1969). This paper reports on
these first-year results.

RESULTS
Site Preparation Prescriptions

Seedling survival in the five mechanical
treatment plots was significantly better than
seedling survival in the herbicide-burn and control
plots (Table 1). Survival was 30 percent better
in the shear-pile and shear-pile-disc plots, and
22 percent better in the shear-pile and chop-burn
plots as compared to the herbicide-burn and control
plots. The differences among mechanical treatments
were not significant with the exception of the
shear-pile-disc which had significantly better
survival than the chop-burn treatment.

The mechanical treatments, with the exception
of the shear-pile prescription, improved height
growth by a significant 11 percent over that of
the herbicide-burn and control treatments (Table 1).
The shear-pile-disc had significantly greater
height growth than the chop-burn treatment, but
was not significantly different from the other
mechanical treatments, again with the exception of
the shear-pile treatment.

Except for the shear-pile treatment, seedling
volumes (D2H volume index) were significantly
improved by mechanical prescriptions (Table 1).
The shear-v-blade-disc and shear-pile-disc
prescriptions improved volume about 60 percent
over that of the herbicide-burn and control treat-
ments and 40 percent over the shear-pile prescrip-
tion. The shear-disc and chop-burn treatments
improved volume nearly 50 percent over the herbicide-
burn and control treatments, and a nonsignificant
25 percent over the shear-pile treatment.

Subsoiling Study

Subsoiling and discing significantly increased
seedling survival by 22 and 12 percent, respectively,
and seedling volume by 13 percent for both treat-
ment s (Table 2). The disc x subsoil interaction
was also significant for survival and seedling
volume meaning there was an additive effect for these
two treatments.

An analysis of the significant interaction
term for survival showed that subsoiling improved
survival by 12 percent over discing alone, and by
32 percent over the control, while discing alone
improved survival by 22 percent over the control
(fig. 4). An analysis of the significant disk x
subsoil volume interaction showed a significant
30 percent increase over the control by both treat-
ments (fig. 5).




Table 1 .--Loblolly pine survival and growth as affected by site preparation treatments.

Site Preparation Volume

Treatments Survival Height Diameter Index=

€3] (cm) (mm) (cm3)

Control 4582 27.5a 5a 9a
Herb:l.cidey and Burn 47a 28.3a 5a 11lab
Chop and Burn 58b 30.6b 6ab 20cd
Shear, Rake-Pile 59bc 28.7a 6ab 15bc
Shear and Disc (I-pass) 65bc 30.9b b 20cd
Shear, V-Blade and Disc

(2-pass) 59hc 30.9% 75 26e
Shear, Rake-Pile, Disc

(3-pass) 67¢c 32.5b 7h 24de
i/ Volume Index = d2 .X ht
2/ Glyphosate as Round-upR applied by helicopter in September.
3 Means with different subscripts are significantly different at the .05 level of

probability using Duncan’s Multiple Range Test.

DISCUSSION

During site preparation and planting, and
for some months following, the southeastern
United States experienced drought conditions. In
the period from June 1980 to June 1981, actual
rainfall averaged 13 inches below normal. six
tenths of an inch was received 27 -days prior to
planting on the Georgia sites, however in the 15
days after planting 2.5 inches of rainfall
was received in two events. Only 1.25 inches of
rain was received on the South Carolina sites over
a &4-day period prior to planting. While the
seedlings were planted over a period of several
days during which 1.3 inches of rain was received,

there were only 0.8 inches of rain over the next
28 days. The lack of rainfall during this
critical period of seedling establishment is
largely responsible for the overall poor seedling
survival on these sites.

The site preparation prescriptions used in
this study vary in cost, competition control,
degree of tillage, and the extent to which organic
materials were manipulated. Shearing, chopping
and herbicides reduce the amount of residual
material which could compete with seedlings for
light, moisture and nutrients. After shearing,
material is raked into piles which allows for
effective discing and easy planting. Chopped and

Table 2 .--Loblolly pine survival and growth as affected by subsoiling and discing.

Site Preparation Volume
Treatments Survival Height Diameter Index2
[63) (cm) (mom) (cm3)
Control 72al/ 31.6a Ta 20a
Disc 82b 31.7a Ta 23b
Control 68a 30.9a 7a 20a
Subsoil 87D 32,3a Ta 23b
l/ Means with different subscripts are significantly different at the .05 level of

probability using Duncan’s Multiple Range test.

=" Volume Index = d2 X ht.




SUBSOILING TREATMENT

RIPPED

CONTROL
59 76
~ CONTROL DISKED
DISKING TRERTMENT

Figure 4.--Interaction effect of discing and
subsoiling on loblolly pine survival (percent).

herbicided areas are normally burned to reduce the
amount of residual material at ground level and to
control sprouting hardwoods. Burning the treated
area provides readily available nutrients for
seedlings and |eaves the larger materials to de-
conpose and slowly release nutrients over the

long term Discing, the final step in the shear-
rake-disc treatment is often thought to be neces-
sary for the enhancenent of survival and growh.
The disc does provide conpetition control through
soil tillage, and with the incorporation of organic
matter, increases short-term mineralization and
available nutrients.

The shear-v-blade-disc treatment left the
organic materials on the site by elinmnating the
rake but retained the beneficial effects of soil
tillage. The shear-disk operation reduced the
necessary passes for site preparation to one and
provides both the benefits of discing and |arger
long term nutrient pools.

Wth each reduction in the nunber of passes
the disk was less effective in tilling the soil
surface, however the shear-rake-disc prescription
did not result in better survival or growh when
conpared to the other prescriptions using the disc.
Seedlings in the chop-burn treatment did equally
as well in survival and growth as those in the
shear-disc and shear-v-blade-disc plots. Discing
in the 3-pass prescription did not enhance the
seedling volume growth over that achieved by the
chop-burn treatnent and in general has not provided
a significant reason for its use to date. The
herbi cide-burn treatment did poorly which is thought
to be due in part to a higher level of vegetative

conpetition.

While subsoiling did inprove survival and
growh, it should be noted that dry soil conditions
allow for effective breakage of conpact subsoils

and that soil conditions at the tinme of study
establishment were probably drier than could be
expected in a year of normal rainfall. The effect

SUBSOILING TREATMENT

RIPPED

|
23.5 é

CONTROL
15.7
TONTROL OTSKED
DISKING TRERTMENT

Figure 5. --Interaction effect of discing and
subsoiling on loblolly pine seedling volune (cma).

of the disc + subsoil conbination on seedling
survival and growth was neither additive nor
synergistic and appears to be an expensive alter-
native to discing or subsoiling only. Al though
subsoi ling alone inproved seedling survival com
pared to discing, it did not inprove seedling volune
over that of discing and is an expensive alterna-
tive to discing alone. As seedlings grow, the

| oosened subsoil may provide a greater effective
soil volume for rooting and provide benefits not
yet discernible within the first growing season.
Overall this study showed that inproved survival

and growth was dependent upon sone type of inten-
sive site preparation.
CONCLUSI ONS
First-year results show the beneficial effect
of mechanical site preparation on early seedling

survival and growh. The chop-burn treatnent was
as effective as the shear-disc, and shear-V-blade-
disc treatments for inproving seedling survival

and height growth and was not significantly differ-
ent from the shear-rake-disc treatnent in vol une
growth. Subsoiling significantly inproved seedling
survival over that of discing and the control, but
the disc + subsoil conmbination did not significantly
inmprove seedling survival over that of subsoiling
al one.  Subsoiling does not significantly inprove
seedling growh over that achieved by discing and
appears an expensive alternative to discing in
either case. These are first-year results and
inferences made are only tentative pending future
measurenent and eval uation.
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MECHANI CAL  SI TE PREPARATI ON | MPROVES CGROWMH OF

GENETI CALLY | MPROVED AND UNI MPROVED SLASH

PINE ON A FLORI DA FLATWOODS SI TE Yy

Kenneth W Outcalt Z./

Abstract.-- |n 1971 genetically inproved and uninmproved slash
pi ne (Pinus elliottii Engel m) seedlings were planted on north Florida

flatwoods sites prepared by four different
burn + doubl e di sk,
survival

trol),
bed.
all

prescribed burn,
Ten years after

trol and burn-only plots.
dianeter and height.

disked than on control
better than disking alone.

pl anting,
treatment conditions was equal ly good,
There were no differences in dianeter,

met hods: no treatnment (con-

and burn + double disk +

of seedlings established under
averaging alnost 90 percent.

height, or volume between con-

Disking significantly increased average tree
Vol ume production was 60 percent
or burn plots.

greater on the
Bedding after disking was no

CGenetically inproved stocks vyielded about

40 percent more wood than uninproved stock at age 10.

Intensive site preparation has becone a
standard practice for establishment of pine plan-
tations on nost sites in the Atlantic and Qulf
Coastal Plains. Past work has shown that nmech-
anical site preparation, such as disking and/or
bedding, can increase initial survival and growth
of planted pines (Derr and Mann 1970, Lennartz
and McMinn 1973). The relative effectiveness of
various nethods, however, depends on site char-
acteristics (Derr and Mann 1977). The study
described here was established to conpare the
effects of different site preparation nethods on
survival and growth of slash pine on a north
Florida flatwoods site. A secondary purpose of
the study was to conpare the response of gene-
tically inproved with uninproved slash pine seed-
lings when planted on areas prepared by different
methods. Reported here are the results at plan-
tation age 10 years.

1/ Paper presented at Southern Silvicultural
Research Conference, Atlanta, Ceorgia, Novenber
6-7, 1980.

2/ Soil Scientist, Southeastern Forest Experi-

ment Station, O ustee, Florida 32072
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METHCDS

The study area of about 8 acres is on the
O ustee Experinental Forest in Baker County,
Florida. The soil is a poorly drained Leon fine
sand (Aeric Haplaquod) with a spodic horizon at
a depth of 12 to 18 inches. The water table is
at or near the surface during portions of the year
(Schultz 1976) and mottling occurs in the profile
at 15 to 21 inches.

Twenty-four plots, each 70 by 100 feet, were
established in a randonized block design with 3
bl ocks, 4 nethods of site preparation, and 2 types
of planting stock. The site preparations were: no
treatnment; prescribed burn; burn and double disk;
and bum double disk, and bed. Planting stock was
of two types: uninproved and genetically inproved,
a nixture of 10 superior fanmilies. Types of stock
were included in factorial conbinations with the
different methods of site preparation.

In 1968 a sparse stand of 60-year-old longleaf
pine (Pinus palustris M11.) was harvested from the
site. Sites were prepared in the spring of 1970.
The prescribed burns (backfires) consumed nost of
the vegetation, leaving only woody stems of shrubs
standing. A heavy-duty offset harrow was used for
disking. Beds about 6 inches high and 10 feet apart
were formed with a bedding harrow and water-filled
rolling hourglass packer.



Inproved seed was collected from select
crosses in the COustee Experinental Forest clone
bank. The Florida Division of Forestry furnished
uninproved seed and grew all the seedlings at its
Chiefland nursery. In February 1971, 1-O seed-
lings were lifted and planted on the study site.
One hundred trees were hand-planted in each of
the 24 plots. Spacing was 7 feet within rows
with rows 10 feet apart. A 4-row isolation strip
planted to uninproved seedlings was established
around each plot.

RESULTS

Site preparation had no significant effect
on survival, with all treatments having good sur-
vival at 10 years of age (table 1). Burning
i nproved neither survival nor growh of trees.
Mechani cal site preparation, however, increased
growth of both inproved and uninproved stock.
Disking increased average tree diameter by 0.5
inches, average height by 3.8 feet, and vol ume
production by over 200 feet3/acre (0.25 cds/acre/
year) above control trees. Trees on disked and
bedded plots were not significantly larger than
those on disked-only plots.

Table l.-Survival. growth, and yield of slash pine, by type of seedling
and method of site preparation 10 years after planting.

Seedling  type Survival Average Average Volume 1/
and diameter height -
site preparation
(percent) (inches) (feet) (ft acre )
Unimproved seedlings
Control a3 3.3 20.4 280
Burn al 3.0- 18.4 240
Burn + disk 91 3.6 226 405
Burn + disk + bed 90 4.1 25.6 575
Average 88 3.5 21.8 375
Improved seedlings
Control a2 3.5 22.4 345
Burn a3 3.5 22.3 360
Burn + disk 91 4.3 21.7 680
Burn + disk + bed 90 4.4 28.3 705
Average 87 3.9 25.2 523
All  seedlings
Control a3 83/ 3.4 a 21.4 a 315 a
Burn as a 3.3 a 20.3 a 300 a
Burn + disk 91 a 3.9 8 25.2 b 545 b
Bum + disk + bed 90 a 4,2b 270 b 640 b

1/Total Inside bark volumes based on equation of Schmitt and
Bower  (1970).

/Values within a column not followed by the ggme letter are gig-
nificantly different at the ,05 level.
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I nproved and uninproved seedlings had equally
good survival at age 10, but inproved trees grew
faster than uninproved ones. After 10 grow ng
seasons inproved trees were an average of 0.44
inches larger in diameter and 3.4 feet taller and
had produced 40 percent nore wood. The overall
interaction between site preparation and planting
stock was not statistically significant, but it
appears that bedding after disking was beneficial
for growh of the uninproved, but not the inproved
seedl i ngs.

DI SCUSSI ON

The simlarity in growh between trees on the
control and the burned plots was due, at least in
part, to the |-year delay between site preparation
and planting. A contributing factor was the greater
anmount of understory vegetation, especially saw
pal netto (Serenca repens [Bartr.] Small) on burn
plots prior to treatment (Schultz 1976). A though
the burn reduced conpetition, by planting time the
burned plots had as much or nore conpetition than
the control plots.

A mjor justification for bedding flatwoods
sites is to increase seedling survival by reducing
prol onged saturation of the root zone (Schultz
1976).  However, not all sites are wet enough to
benefit from this treatment. On some sites disking
is as effective as bedding for increasing growh of
planted slash pine (Derr and Mann 1977, Cain 1978).
The reason for the lack of response on sone sites
may not be conpletely understood, but what sites it
will occur on has becone nore pred| ctable. Bedding
sites with Spodosols without an argillic horizon,
like the.soil in this study, has not inproved site
productivity (Broerman and Sarigunba 1981). On
these soils conpetition control is the major benefit
of site preparatiom,.and disking or harrowng ac-
conplishes this quite well. Bedding after disking
on these soils will not-likely pay off and can even
cause sonme negative effects. Thus, bedding |ike nost
silvicultural practices needs to be prescribed by
site.

Since there was no interaction between site
preparation and type of planting stock, their effects
are assuned to be additive. Disking shoul d increase
vol une production at age 10 by about 230 cubic feet
per acre over untreated sites no matter what type
of planting stock-is used. The gain from using the
i nproved stock should be about 150 cubic feet per
acre. Wth inproved stock planted on disked Sites,
volunme at age 10 should average about 660 cubic feet
per acre, or about double the yield from untreated
sites planted with uninproved stock.
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RESPONSE OF PLANTED PINES TO SI TE PREPARATI ON

ON A BEAUREGARD-CADDO SOILL/

Janes D. Haywood?/

Abstract

lolly pines at age 2.

site treatnent Because of

.-The only real

advantage to mechanically pre-
paring sites prior to planting was better survival of 1ob-

Slash pine survival
3 survival
volune (535 ft (o.,b.)/A) was thinned

was unaffected hy
di fferences, nore
from 13-year-ol d

loblolly stands that had been nechanically treated than from

burned-only stands.

After the first thinning,

the method of

site preparation did not influence the growth rate of either

On any given date, depth to this
water table was highly variable from one replicate

pine.
| NTRODUCTI ON through February.
Pine survival on somewhat poorly to poorly to the next.
drained silt loam flatwoods in Louisiana is

usual Iy acceptable without site preparation. Yet,
the inherent wetness of these sites and conpeti-
tion from dense plant cover slows initial height
growth of newy planted pines. To determine if
harrowi ng or bedding would inprove survival and
increase the rates of height and dianmeter growth
on these flatwoods, studies were initiated by
the Southern Forest Experinment Station in Pine-
ville, Louisiana. This paper sunmarizes data
through age 20 on survival and yield of planted

| obl ol | y (Pinusg taeda 1.) and slash (P. elliottif
Engg_lm var. elliottii) pines from one of these
studies.

SITE DESCRI PTI ON

The study area, located in Rapides Parish,

Loui si ana, conprises Beauregard (Pinthaquic

Pal eudult, fine-silty, siliceous, thermc), and
Caddo (Typic G ossaqualfs, fine-siItY, siliceous,
thermc) silt loamsoils. These soils are acidic,
have low natural fertility, and are commn in
flatwoods of the West Qulf Coastal Plain. Relief

is level to slightly sloping, but a few "pinple"
mounds are present. The Caddo soil has very slow
surface and Internal drainage; the Beauregard has
medi um drai nage throughout. These soils have a
perched water table which can be at or just below
the surface during extended periods from December

yPaper presented at the Second Biennial
Southern Silvicultural Research Conference,
Atlanta, Georgia, Novenber 4-5 1982.

2/pseistant Silviculturist, Southern Forest
Experiment Station, Forest Service--USDA, 2500
Shreveport H ghway, Pineville, LA 71360.
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Originally, the site supported a longleaf
pine (P. palustris MII.) stand. After harvesting,
a cover of bluestem (Andropogom Spp.) and scattered
post oak (Quercus etellata VAngenh.), blackjack
oak (Q marilandica Mienchh.), and southern bay-
berry (Myrica ceriferq L.) developed. Prior to
initiation of site preparation treatnents, the
area was burned to reduce the grass rough and
the woody vegetation cut down and renoved.

METHCDS

Treatments were replicated three times with
each species in a random zed block design. Site
treatments were:

Burn-only--The study plots were burned to
facilitate planting.

Burn-harrow-Plots were treated with an offset
disk harrow in the fall of 1960 and again
in July 1961 to elininate grass conpetition.

Burn-harrow bed--After harrowing, the plots
were double bedded by making two passes
with a bedding harrow. Beds were spaced
8 feet apart and averaged 20 inches tall
from furrowto-crest before settling. By
age 15, the beds averaged 10 inches tall.

Harrowing was done twice, because after the

fall 1960 harrowing treatment heavy rains kept the
bedding treatment from being applied. By the next
spring, grasses had reinvaded the harrowed plots,

which necessitated a second harrowing treatment in
July 1961. The burn-harrowbed plots were bedded
in late September 1961.



Graded, bare-root, 1-O loblolly and slash
pine seedlings were planted by hand at a 6- by 8-
foot spacing on 0.36 acre plots during February
1962. Heights and dianmeters at 4.5 feet above
groundline (d.b,h.) were taken on the center 100
trees per plot over several years. The plots
were thinned after the 13th growi ng season. Leave-
trees were selected by the following criteria:
(1) absence of fusiform rust galls on the min
stem (2) stemquality, (3) spacing, and (4) tree
size. No truck or heavy equipment traffic was
allowed within the plots, and the residual stand
was undamaged by the thinning operation.

Vol umes harvested at age 13 were estimated
by use of a local volume table developed for
each plot (Spurr 1954). At ages 15 and 20, total
stem wood volune outside bark (o.b.) was cal cu-
lated for standing loblolly (Hasness and Lenhart
1972) and slash (Moehring et .al, 1973) pines.

Pine survival, quadratic mean d.b.h., aver-
age height, and volumes per acre were analyzed
at different ages with analyses of variance (o=
0.05) and preplanned orthogonal trend conparisons
(burn-only vs burn-harrow + burn-harrow bed and
burn-harrow vs burn-harrowbed). The analysis
conpared species and treatments and determined if
species by treatment interactions occurred.
Also, treatments anong individual species were
compared. Percentages were transforned into

arcsine +/proportion, and bot h per cent ages and
transformed data were anal yzed.

RESULTS

Responses before thinning

There was a species by treatment interaction
for average heights of 2-year-old pines (table 1).
Loblolly was taller on the burn-harrow plots
than on the other two treatnents, while slash
was tallest on the burn-harrowbed plots. Sl ash
was taller than loblolly on the burn-only and
burn-harrowbed plots, but the two species had
sinilar average heights on the burn-harrow plots.
In the conparisons across both species, loblolly
averaged 3 feet taller than slash by age 8, and
this height difference persisted through age 13.
At age 8, pines on the two nechanical treatments
averaged two feet taller than those on the burn-
only plots, while pines on the bum harrow bed
plots were two feet taller than those on the burn-
harrow plots. By age 13, pine height differences
anmong treatments were not significantly different.

At 8 years, slash pines on the burn-harrow-
bed plots averaged a 0.4-inch greater d.b.h. over
those on the other two treatments, but no diameter
difference was shown at age 13 (table 1). In
the conparisons across both species, loblolly
averaged 0.2-inch greater d,b.h than slash at
age 8, and this difference persisted through
age 13.
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Survival among 2-year-old |oblolly pines on
the bumonly plots averaged 15-percentage points
less than survival anmong those on the nechanical
treatments (table 1). By age 13, differences in
survival were not significantly different.

The thinning operation

The thinning operation at age 13 reduced
Iobloll?/ stocking from 725 to 343 trees per acre,
while slash stocking was reduced from 682 to 346
trees per acre (table 2). Anmong loblolly pines,
this reduced the basal area on the bumonly
plots by 52 ftzlacri, while the reduction in basal
area averaged® 5 Ft<facre on the two mechanical
treatnents. Among slash pines, the reductign in
basal area varied little and averaged 55 ft2/acre
across all treatments.

Responses after thinning

In the conparisons across both species, lob=-
lolly maintained a 3-foot height advantage over
slash through age 20 (table 3?. At 15 years,
pines on nechanically treated plots averaged |-foot
taller than those on bumonly plots, but this
height difference was no |onger significant by
age 20. Through age 20, loblolly averaged a 0.3-
inch greater d.b.h. than slash. There were no
diameter differences anong treatments, however.

At age 13, nore loblolly volume per acre was
cut on the' two mechanical treatnents than was cut
on the bumonly plots (table 3), but at age 15,
loblolly on the bumonly plots produced more
standing volume per acre than those on the two
mechani cal treatments. By age 20, loblolly stand-
ing volume per acre was simlar anong all treat-
ments. However, theodifference in harvested
volunes at age 13 nmeant that loblolly on the

mechani cal treatnents averaged 12 percent nore
total wood production (harvested and standing
volumes) per acre over those on the bumonly
plots, but this volume difference was not
statistically significant. For slash pines, there
were no volune differences anong treatnents.
DI SCUSSI ON

Loblol Iy pines planted on mechanically

treated plots had a higher survival rate at age

2 and a 2-foot height advantage at age 8 over
loblolly planted on plots not nechanically treat-
ed. This higher survival and inproved early height
growth on the mechanically treated ﬁl ots was_
translated into greater yields at thinning, ‘an
added 535 ft3 (o.b.) per acre at age 13. The
approximtely 6 cord per acre gain in pul pwood
vol ume was worth about $96 at 1982 stumpage
prices. After the first thinning, the method of
site preparation did not influence the growh rate
of the pines. Since treatnents were thinned to



similar basal areas, volume production at age 20
was also similar among treatments. Slash pine

survival and vyields were not influenced by site
treatment.

Survival was similar between species, but
loblolly pines outgrew slash pines in both d.b.h.
and height. These differences did not translate
into added gains in volume for loblolly, because
at a given d.b.h, and height, slash pine has 12
percent more volume per tree than loblolly pine

(Hasness and Lenhart 1972, Moehring, et al. 1973).

In conclusion, the silt loam flatwoods of
Louisiana are inherently productive eites. Site
preparation beyond the level needed to insure
adequate pine stocking will only produce modest
gains in pulpwood yields at first thinning.
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Table 1 .--Pine responses to initial site preparation, before thinning
Species and survival Height Quadratic mean d.b.h.
treatments Age2 Agel3 Age 2 Age 8 Age 13 Age 8 Age 13
percent feet feet ‘feet inches inches
Loblolly pine
Burn-only ol 712/ 2.2 a3 26 46 4.3 6.2
Burn-harrow 88 b 82 2.5b 28 48 4.5 6.1
Burn-harrow-bed 90 b 87 2.1 a 29 48 4.5 6.0
Mean for all
three treatments 84 80 2.3 28 47 4.4 6.1
Slash pine
Burn-only 87 76 2.5 b 24 43 41 &Y 59
Burn-harrow 81 73 2.5b 24 43 41 a 59
Burn-harrow-bed 89 76 2.8 ¢ 27 45 4.5 b 5.9
Mean for all
three treatments 86 75 2.6 25 44 4.2 5.9
COMPARISONS  ACROSS
BOTH SPECIES
47*
Loblolly pine 84 80 2.3;/ 28 44 4.4 6.1
Slash pine 86 75 2,6 25 4.2" 5.9"
Burn-only 80 73 2.4 25, 45 4.2 6.0
Mechanical 87 80 2.5 27 46 4.4 6.0
Burn-harrow 85 77 2.5 26* 45 4.3 6.0
Burn-harrow-bed 90 82 2.5 28 46 4.5 6.0

1/Por loblolly or slash pine, columnar means followed by the same letter are not significantly different

(a = 0,05)
For columnar means not followed by any letter,

there were no significant differences.
3/at age 2, there was a species by treatment interaction for height of pines.

Columar means followed

by the same letter are not significantly different (a = 0.05)
4/Paired comparisons followed by an asterisk are significantly different (a = 0.05).



Table 2.--Stems per acre and basal area in square feet before and after plots were thinned during the
thirteenth growing season

Species and : Trees per acre : Basal area
treat nent :Before thinning : After thinning : Before thinning : After thinning
Stems/acret! fté/acre
Loblolly pine
Burn-only 6462-/ 347 140 88
Bum harrow 740 340 155 84
Bur n- har r ow bed 790 340 160 81
Mean for all three
treatnents 725 343 152 84
Slash pine
Bum onl y 688 345 134 79
Bur n- harr ow 665 345 129 77
Bur n- har r ow bed 692 347 136 78
Mean for all three
treatnents 682 346 133 78

yStatistical analysis was not done on these data
2/908 pines were planted per acre for each treatment.

Table 3.--Pine response to initial site preparation, after thinning

g :  Quadratic : Total stem volune per acre
Speci es and ‘ Hei ght :nean_d.,b.h, :  Agel3 : Age 15 : Age 20 : Total production
treat ment :Age 15 : Age 20 : Age 15 . Age 20 : harvested.: standing : standing . at age 20
feet inches inches  ft8 (o.b.}] F£3 (0.b.) ft¥ (0.b.) ft3 (o0.b.)
Lobl ol 'y pine
Bum onl y 51/ 60 7.5 8.7 1,010 a2/ 2,150 b 3,420 4, 430
Bur n- harr ow 53 62 7.4 8.7 1,450 b 1,970 a 3, 460 4,910
Bur n- har r ow bed 53 61 7.2 8.4 1,640 b 1,880 a 3, 350 4,990
Mean for all
three treatnents 52 61 1.4 8.6 1,